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The development of the face depends on the regionalization of
neural crest precursors into distinct dorsal and ventral domains.
Previous research has shown that Endothelin 1 (Edn1) is required for
patterning the ventral face, in part by regulating Dlx expression;
however, little is known about the factors required for development
of the dorsal face. We have recently identified a mutation in the
zebrafish gene jag1b that results in dorsal-specific defects. In jag1b
mutants, we observe an expansion of Dlx genes into the dorsal
domain. Jagged is one class of ligands for Notch receptors. Here we
show that overactivation of the Notch pathway results in loss of
ventral genes and corresponding defects in the ventral facial
skeleton, further supporting a role of Jagged-Notch signaling in
promoting dorsal facial identity. In addition, we find an autoregula-
tory loop of jag1b and notch2 expression that propagates in a dorsal
to ventral wave of Notch activity during facial development. Based on
these results, we propose a model in which dorsal–ventral facial
identities are specified by dynamic interactions between a wave of
Notch signaling arising dorsally and a gradient of Edn1 signaling
arising ventrally. In our model, expression of jag1b localizes Notch
activity to dorsal skeletal precursors. How then is jag1b expression
established dorsally? Here we show that the endoderm is required
for jag1b expression. Moreover, as the endoderm expresses Fgfs, we
next investigated the role of Fgf signaling in patterning. Using a
transgenic to block Fgf signaling at patterning stages, we observe a
transformation of dorsal structures to a ventral identity, a defect
similar to that observed in jag1b mutants.
doi:10.1016/j.ydbio.2009.05.518
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Hand2 loss leads to aglossia from failure to repress Dlx5/6
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Lower jaw development is a complex process orchestrated by
signaling cascades that are regulated temporospatially and are
constantly refined through permissive and inhibitory signals. We
have previously shown that endothelin-A receptor (Ednra) signaling
is crucial for establishing the identity of cranial neural crest cells
(NCCs) in the mandibular pharyngeal arch through a mechanism that
involves Dlx5 and Dlx6. Dlx5/6 in turn induce expression of the gene
encoding the basic helix–loop–helix transcription factor Hand2.
While this pathway places Hand2 at the center of a complex
signaling cascade, little is known about the function of Hand2 in
mammalian facial development because Hand2−/− embryos die by
embryonic day (E) 10.5 from vascular failure. To circumvent this
lethality, we created a conditional targeted Hand2 mouse line using a
Cre-loxP approach. Using the Wnt1-Cre mouse line, we selectively
deleted Hand2 within all NCCs. We find that Hand2 conditional
knockout mice exhibit facial defects that include mandibular
hypoplasia and absence of the tongue (aglossia). The aglossia is
preceded by aberrant maintenance of Dlx5 expression in the disto-
oral mandibular arch mesenchyme. In vitro studies show that Hand2
represses the Dlx5/6 pharyngeal arch-specific enhancer. Together,
these data suggest that Hand2 normally ensures normal tongue
development by repressing Dlx5/6 expression within the disto-oral
mandibular arch. In the absence of Hand2, Dlx5/6 expression is
maintained and ectopically activates an osteogenic program at the
expense of a tongue development program.
doi:10.1016/j.ydbio.2009.05.519
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Defects in neural crest cell (ncc) differentiation result in many
human congenital birth defects. A better understanding of cell fate
determination, migration, and differentiation of nccs during forma-
tion of the craniofacial skeleton is an important step towards deve-
loping approaches to prevent and repair human ncc-associated birth
defects. We focused on the role of the transcription factor prdm1 in
the differentiation of nccs into the craniofacial skeleton. It does not
appear that prdm1 is required for ncc migration but beginning at 16
hpf and continuing through 56 hpf, it is expressed in the correct
temporal and spatial pattern to be involved in the differentiation of
craniofacial structures. During early craniofacial development,
prdm1 is expressed in the pharyngeal arch region and later appears
to be expressed in an endodermal pouch, the otic vesicle, and
pharyngeal teeth. A loss of prdm1 results in defects in posterior
pharyngeal arches including a loss of cartilage and dermal bone. A
reduction in Fgf and retinoic acid signaling alters prdm1 expression
suggesting that prdm1 is operating via these signaling pathways to
pattern the posterior craniofacial skeleton. Finally, loss of prdm1
results in a reduction in proliferating cells suggesting that the
cartilage defects may be due to a reduction in the number of nccs.
Future experiments will further determine the interactions between
prdm1 and other known craniofacial genes as well as the function
and tissue specific requirement for prdm1 during craniofacial
development.
Supported by NIH F32 DEO18594 to D.A.B.
doi:10.1016/j.ydbio.2009.05.520
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Previous data from our lab has shown that RA and Noggin, when
applied to the early avian face, can transform the maxillary promi-
nence to a frontonasal mass. Here we use Affymetrix microarrays to
determine the transcriptional consequences, 16 h after implantation
of RA-Noggin beads. We also compared expression to stage-matched
normal stage 17 embryos to determine whether frontonasal mass-
specific genes were induced. Chip-wide analysis revealed that the RA-
noggin samples clustered together but were distinct from either the
frontonasal mass or maxillary prominence. RA-noggin induced
several genes that are highly expressed in the normal frontonasal
mass including TBX22, SOX8, ALX1, and OSF2. Validation with QPCR
and wholemount in situ hybridization confirmed that TBX22 was
ectopically expressed in the RA-Noggin treated maxillary prominence
and that Noggin induced expression to a greater extent than RA. We
then tested the effects of ectopic expression of TBX22 using
retroviruses and found that instead of inducing frontonasal mass
characters such as ectopic egg teeth or cartilages, facial clefting
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occurred. Overexpression of TBX22 caused a striking decrease in
proliferation but did not change the level of apoptosis. Furthermore
we identified two targets of TBX22 that could be mediating the
phenotype, DLX5 and MSX2. We have therefore demonstrated novel
functions for TBX22, a gene that causes some forms of human
orofacial clefting.
This work was funded by CIHR grants to JMR.
doi:10.1016/j.ydbio.2009.05.521
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Arid1a is a signature subunit of the mammalian SWI/SNF ATP-
dependent chromatin remodeling complex. We performed an ENU
mutagenesis screen for Arid1a coding mutations and generated mice
carrying a valine-to-glycine point mutation in the ARID DNA binding
domain of Arid1a. Although mutant protein is expressed near wild-
type levels and capable of interacting with its catalytic subunit, Brg1,
it appears to display reduced DNA binding capacities in vitro.
Homozygous mutant embryos undergo development arrest by E10.5
and exhibit defects in the trophoblast placenta and extraembryonic
vasculature, including a compacted labyrinth layer and reduced
vascular branching. These data suggest the ARID domain of Arid1a is
essential for development.
doi:10.1016/j.ydbio.2009.05.522
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The transcription factor GATA-1 and its cofactor Friend of GATA
(FOG) are required to promote embryonic red blood cell (RBC)
development in mice. In contrast, the current model in Xenopus,
based on overexpression studies, predicts that FOG inhibits RBC
development by recruiting the transcriptional co-repressor C-
terminal Binding Protein (CtBP). To resolve these seemingly contra-
dictory findings, we have used morpholinos to perform a loss-of-
function study in frogs. We find that in Xenopus, as in mice, FOG is in
fact required for RBC development. Specifically, targeted injection of
FOG morpholinos into the ventral blood-forming mesoderm of 8-cell
Xenopus embryos results in a dose-dependent loss of globin
expression at the tailbud stage. In addition, we find that over-
expression of both wildtype FOG and mutant FOG isoforms that
either lack known repressor binding domains, or harbor mutations at
key GATA-interaction residues, also result in loss of blood. Together,
these studies suggest that FOG is required for RBC development and
that loss of blood seen with FOG overexpression is likely due to a
dominant-interfering effect by which excess FOG sequesters other
co-factors required for RBC development away from endogenous
target promoters. Specific domains of FOG required for RBC
development in vivo have not yet been elucidated. We are currently
asking whether various FOG mutant constructs can rescue RBC
formation in FOG morphants. This will allow us to determine which
functional domains of FOG are required for normal erythropoiesis,
and may suggest novel binding partners that are important for FOG's
role during RBC development.
doi:10.1016/j.ydbio.2009.05.523
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Stacked expression of Hand2 and Dlx mediates signaling from
Edn1 to produce discrete pharyngeal arch patterning domains
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Recent studies have suggested that Endothelin1 (Edn1) acts in a
dose dependent fashion to pattern skeleton from the first two
pharyngeal arches into dorsal, intermediate, and ventral domains via
its targets hand2 and Dlx. We hypothesized that hand2 expression
defines the ventral domain, in part by repressing intermediate
domain genes. We further hypothesized that Dlx genes pattern the
intermediate domain. Third, we propose that the combined patter-
ning from hand2 and Dlx delineates ventral/intermediate domains
from dorsal. Here we demonstrate that hand2 is expressed next to
edn1, and the expression of all Dlx genes extends dorsal to hand2. We
provide evidence that dlx3b, dlx4b, and dlx5a are redundantly
required for intermediate domain patterning. Furthermore we show
that by 36 hpf, dlx3b, dlx4a, and dlx4b are specifically expressed in
intermediate arch mesenchyme. Previous work demonstrated that
hand2 is required for ventral cartilage formation. We confirmed this
with two alleles of hand2. We further show that in hand2 mutants,
dlx3b, dlx4a, and dlx4b expression expands into the ventral domain at
36hpf. Finally, when Dlx-MO is injected into hand2 mutants, both
ventral and intermediate defects are seen, and the ventral-most
structures may acquire dorsal shape. Collectively our work suggests
that the stacked expression of hand2 and Dlx mediates signaling from
Edn1 to generate ventral and intermediate domains with distinct
identities separate from dorsal.
(Supported by NIH grants DE13834 and DTG GM007257).
doi:10.1016/j.ydbio.2009.05.524
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Interactions between epithelium and mesenchyme are thought to
drive development and patterning of taste papillae, but the identities
of the mesenchymal signals are unknown. Using mouse genetics, we
show that Fst, which is expressed in tongue mesenchyme during
development, controls these processes in both anterior (normally
gustatory) and posterior (normally non-gustatory) lingual epithelium.
In anterior Fst−/− tongue there are increased numbers of Sox2+
taste progenitors, with fungiform papillae of abnormal size and
spacing. In posterior Fst−/− tongue, ectopic Sox2+ epithelial domains
develop and non-gustatory filiform papillae are absent. Increased Bmp7
expression is evident in regions of ectopic Sox2+ progenitors, and
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